THE changes that have occurred in our ideas concerning the pathology of urinary infections afford an excellent example of the way in which judgment tends to swing from one extreme to another, in a controversial subject. Twenty years ago many of the forms of infection of the kidney that we now know to be blood-borne were regarded as "ascending" and the spread of infection from the bladder to the kidney was considered to be a common event. However, the experimental work of Baureisen, Draper and Braasch showed that organisms could not ascend the ureter against the urinary current unless there was incompetence of the sphincter guarding the opening of the ureter into the bladder-a condition by no means common in urinary practice, and certainly not present in the majority of cases which up to that time had been cited as examples of ascending infection. As a result the pendulum of opinion swung to the opposite extreme and all renal infections were believed to be blood-borne, the existence of ascending infection being denied except as a complication of severe lesions, such as retention. This view, although nearer the truth than the preceding one, did not sufficiently recognize the possibility of infection by other routes, such as the lymphatics. I therefore, propose to discuss almost exclusively lymphatic infections of the kidney. In doing so I do not wish to suggest that in actual practice this route of infection is nearly so common as infection by the blood stream, but merely to furnish what I believe to be conclusive evidence that such a mode of infection exists, and that it must always be taken into account when the pathology of an infected kidney is being considered.
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EXPERIMENTAL EVIDENCE.
Paladino-Blandini was the first to show that organisms placed in the urethra of a guinea-pig could be recovered from the upper end of the ureter at the end* of twelve hours. In 1909 I repeated Blandini's experiments, employing Bacillus prodigiosus on account of the ease with which it could be identified in culture. The guinea-pigs were killed.from twelve to eighteen hours after inoculation of the urethra and cultures were made from various portions of the urinary tract. The following table gives the results of the first four experiments:- reached the upper end of the ureters just as the micro-organisms had done. Moreover a valuable hint was given as to the path they had taken; whereas only a few scanty granules of iron were seen in the submucous coat of the ureter, miore numerous specks were found in the lymphatics running outside the ureter. In addition to this an unexpected disposition of granules was discovered in the kidneys. Although no trace of iron could be found in the substance of the kidney unmistakable granules were seen lying in its capsule. The experiments suggested, therefore, that instead of travelling along the lumen of the ureter, organisms reached the kidney by way of the peri-ureteral lymphatics. In order to test this, the ureter of a guinea-pig was exposed on one side close to the bladder, carefully separated from surrounding lymphatics and then ligatured. It was found that ligature of the ureter without interference with the surrounding lymphatics did not prevent organisms from reaching the upper end of the ureter. Moreover a hint was taken from the results of the previous experiments and cultures were made from the capsule of the kidney. A luxuriant growth was obtained from the capsule even when the kidney itself proved sterile. In addition to this, inoculation of the urethra with a Gram-positive organism was undertaken. Fig. 1 shows a transverse section through the ureter of a guinea-pig twelve hours after inoculation of the urethra with a mixture of diphtheroids and staphylococci. It will be seen that the peri-ureteral lymphatics are crowded with organisms. A large number of cocci anA bacilli were also found lying in the capsule of the kidney. CONCLUSIONS DERIVED FROM EXPERIMENTAL INVESTIGATIONS. The net result of these animal experiments was, therefore, to prove the following:
(1) That organisms placed in the lower urinary passages could reach the kidney via the peri-ureteral lymphatics.
(2) That the renal capsule formed an important link in the lymphatic chain that connected the upper and lower urinary tract, and was the first situation in which organisms were found in cases of renal infection occurring by the lymphatic route.
These results were confirmed in 1913 by Teale and Embleton working with Bacillqus mycoides.
POST-MORTEM DEMONSTRATION OF LYMPHATIC INFECTION.
Recognizing that laboratory experiments can only reproduce to a greater or lesser extent the conditions that exist in clinical practice, I have taken every opportunity of testing my results in post-mortem cases of renal infection. As an example may be cited the case of a man aged 76, who died forty hours after enucleation of the prostate. The prostatic capsule, bladder, ureters, with surrounding tissue, and the kidneys with a certain amount of suprarenal fat, were removed for histological examination. Numerous paraffin sections were cut, stained for organisms, and carefully examined. Fig. 2 represents diagrammatically the areas submitted to examination and the situations in which organisms were found. Sections were first made of the capsule of the prostate with adherent particles of prostate. Organisms were found in this situation in such numbers that they formed dark lines clearly visible under a low power. The section somewhat resembled that of the uterus in a case of puerperal infection, the organisms streaming back from the surface to the lymphatics running to the fibrous capsule of the prostate. They were next found in the lymphatics surrounding the ureter, the appearance of a section in this situation being strongly reminiscent of the similar section prepared from a guinea-pig after urethral inoculation with staphylococcus and diphtheroids. Sections of the pedicle of the kidney, the pelvis, and a calyx all proved negative. A section through the capsule and cortex, however, showed the presence of a small round-celled infiltration just beneath the capsule, and the existence of organisms in the lymphatics of the capsule. The results of the examination were, therefore, precisely similar to those obtained by animal inoculation.
COUIRSE OF THE RENAL LYMPHATICS.
At first sight it may seem surprising that the lymphatics of the urinary tract should provide a path along which organisms can reach the kidney. The lymphatic route that links together the upper and lower portions of the urinary tract is at best indirect, and at certain points the direction of the main lymphatic current is against the invading organisms. However, too much stress must not be laid on this latter point, for there is ample evidence to show that the sluggish and wayward lymphatic flow, with its countless backwaters and cross-currents, can offer but little obstruction to the progress of organisms. Moreover, Sakata has shown that free communication exists between the lymphatics of the upper and middle ureter and between those of the middle ureter and the lymphatics of the bladder. Still more interesting is the fact that the urinary lymphatics freely communicate with those of the female genitalia, and on the right side with those of the ascending colon (Francke) ( fig. 3) .
A CASE OF RENAL. INFECTION ASCENDING FROM THE GENITALIA. The following case may be cited as an example of an ascending renal infection, resulting from a focus in the female genitalia:-F. S., aged 32, admitted February 3, 1922, to the Royal Northern Hospital for dysmnenorrhcea. On the 10th, under general anaesthesia, cervix fully dilated and endometrium curetted; large stem inserted. During dilatation of cervix the tissues were felt to give suddenly, as though a tear had occurred. On the 14th, pain and tenderness on right side of abdolmien and down right leg; pain on micturition. On the 15th severe pain in right iliac fossa, with tenderness and resistance. Per vayginav: Uterus tender but not distinctly enlarged; thickening in right fornix suggestive of parametritis. On the 17th, rigor, vomiting, rise of temperature and pulse. Urine on examination contained pus. Leucocytosis, 21,000. Voimiiting continued throughout the day with renal pain and rigor. Expectant treatment adopted, with increased fluids and alkalis. Patient transferred to my care.
Operationi: On the 18th vomiting continued. General condition mlluch the samne, but only 8 oz. of urine passed in twenty-four hours. In view of pain and suppressionof urine an exploratory operation was decided on, a diagnosis of lymphatic infection of the kidney having been' made. On exposure of the kidney it was found to be enlarged and engorged with blood. A m-larked feature was (edenma of the areolar tissue around the lower pole of the kidney. This cedematous tissue appeared to be continuous with (edema of the tissues surrounding the ureter. Capsule easily stripped. No pus could be seen, even on incision of cortex. The kidney was decapsulated and returned into position. Sections of capsule, perirenal areolar tissue, from lower pole of kidney, and a smnall fragment of the cortex were remloved for histological exainination. Bloodculture, negative; urine grew a coliform bacillus. On the 19th very little pain, 30 oz. of urine passed, fall of temiiperature and pulse.
Subsequent history: Uninterrupted recovery. Sections: Paraffin sections stained in miiethylene-blue showed the following: (1) Section of renal cortex with capsule showed a round-celled infiltration below the capsule with considerable numlibers of organisms lying in the capsule itself. No organisms or infiltration seen in the deeper parts of the kidney; (2) Section of capsule: Scattered round-celled infiltration, numerous organisniis, both bacilli and cocci; (3) Section of perinephric tissue from lower pole of kidney: Some round-celled infiltration and nuierous organism-ls, similar to those founid in renal capsule.
Remarks: The case was evidently one of infection travelling by the retroperitoneal lymphatics. The point of entry was presumably a tear in the cervix occurring during dilatation. The close relation of the ureter to the cervix rendered it easy for organisms to reach the peri-ureteral lymphatics, and from thence to travel to the plexus in the capsule of the kidney.
TUBERCULOUS INFECTION.
It is impossible not to refer to the bearing that lymphatic spread may have on tubercle of the genito-urinary tract. A tendency has always been shown to place the tubercle bacillus in a class apart and to allocate to it a path of infection and a method of spread different from those of other organisms. In the writer's opinion such discrimination is unjustified both on a priori and on a posteriori grounds.
EXAMINATION OF A CASE OF ADVANCED GENITO-IJRINARY

TUBERCULOSIS.
In fig, 4 are shown transverse sections of the right and left ureters from a case of advanced genito-urinary tuberculosis. It will be noted that there is a striking difference in the location of the tuberculous infiltration on the two sides. The mucous membrane and inner coats of the right ureter appear healthy, the tuberculous infiltration mainly affecting the peri-ureteral sheath. On the left side the converse is true, the mucous membrane and inner coats being ulcerated, whereas the outer coat and peri-ureteral sheath show only slight infiltration. These specimens were from a man aged 26, who died with advanced genito-urinary tuberculosis. Fig. 5 is a diagrammatic representation of the location of his lesions, and shows what I believe to have been the path taken by the infection. The primary lesion in the urinary tract was probably the left kidney. From the tuberoulous pyelonephritis thus produced tubercle bacilli were carried by the urine to the lower urinary passages, and the bladder and prostate became infected. From thence the infection climbed up the right ureter, not by its lumen, but by means of the peri-ureteral sheath, which in the present instance was diseased to a point roughly midway between the bladder and the still healthy kidney. Had the patient lived longer, the disease would probably have reached the level of the kidney, and this organ would also have become infected.
LYMPHATIC INFECTION OF THE KIDNEY A POSSIBLE CAUSE OF CHRONIC NEPHRITIS.
Of the greatest interest is the speculation as to whether the readiness with which organisms reach the kidneys by the lymphatics may not explain the aetiology of certain types of chronic nephritis known to the physician. The lesion that repeated lymphatic invasion of the kidney by organisms of low virulence would be likely to produce would be fibrosis of the cortical area with thickening of the capsule. The fact that no evidence of chronic irritation of the kidney will be furnished clinically by the presence of pus or organisms in the urine lends some support to the view that chronic nephritis may occasionally be dependent on such a cause.
CONCLUSIONS.
The conclusions to be drawn from the foregoing evidence may be summarized as follows:-(1) That although the blood-stream is the commonest route by which an infection reaches the kidney, organisms may also reach it by the lymphatics surrounding the ureter and between its muscular coats.
(2) That the kidney capsule is an important link in this lymphatic chain, and is the situation in which organisms are most consistently found in cases of ascending infection.
(3) That in early cases of lymphatic infection of the kidney no organisms are found in the urine.
(4) That there are reasons to believe that a tuberculous infection of the kidney may take place along a route precisely similar to that followed by pyogenic organisms. These conclusions are not without some bearing on the question of treatment. In the first place they lay stress on the importance of dealing with any form of infection, however trivial it may appear. In the second they raise the question as to whether decapsulation might not occasionally be beneficial as a means of dealing with ascending infections, for, as we have seen, the renal capsule is of supreme importance in all cases of lymphatic spread. Last of all, the conclusions at which we have arrived suggest the possibility that repeated infection of the renal capsule may explain the origin of certain forms of chronic nephritis, and that decapsulation might not be without effect on the progress of such a condition.
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